Introduction
Klebsiella pneumoniae (KP) is a common cause of community-acquired or hospitalacquired infections such as urinary tract infections and pneumonia. A clinical manifestation of KP infection known as invasive Klebsiella pneumoniae liver abscess syndrome (IKLAS), defined as liver abscess with contemporaneous metastatic KP infections at other body sites, has been increasingly reported, [1] [2] [3] particularly in Asia for decades 4 and recently worldwide. 2, 3 IKLAS typically infects patients with diabetes mellitus (DM), 1, 4 causing various metastatic infections such as meningitis, endophthalmitis, lung abscess, or fasciitis. 4, 5 KP is classically defined as an extracellular pathogen. We recently reported that the serotype K1 of this species, the causative agent of IKLAS, could survive within neutrophils and trigger the delay in apoptosis. 6 We suggested that the KP serotype K1 can extend the lifespan of neutrophils, making them suitable host cells for bacterial survival and multiplication after infection occurs. This organism may use neutrophils as "Trojan horses" for subsequent infection of other cells. Hence, further studies are needed to identify the factors other than neutrophils that can trigger the development of disseminated infections due to KP.
Previous studies revealed that Staphylococcus aureus or Salmonella spp. can release toxins and/or use surface proteins that subsequently bind to platelet receptor, which can lead to platelet hyperreactivity and contribute to a higher risk for vascular complications. 7 In patients with invasive KP infection, the number of thrombotic complications is striking. 8 Although the essential role of platelets is to maintain vascular integrity and contribute to homeostasis, platelets can also contribute to the innate immune response. 9 These platelet-leukocyte aggregates have the capacity to act as circulating platforms for generation of a thrombus, producing clots that may lodge in the microvasculature, obstructing the blood flow, and leading to dissemination. Thus, this study aimed to describe the risk factors of IKLAS among DM patients with community-acquired KP bacteremia. In addition, we compared the features of computed tomography (CT) of the abdomen of the patients with IKLAS to ascertain possible predictors of IKLAS among DM patients with different glycemic control. We also studied the platelet reactivity, platelet-monocyte aggregate (PMA), and activation of plasmatic coagulation in a cohort of diabetic patients with KP bacteremia who had either IKLAS or non-IKLAS.
Subjects and methods study design and participants
DM patients who were admitted to Kaohsiung Chang Gung Memorial Hospital (KCGMH) between January 1, 2013, and December 31, 2016, with community-acquired monomicrobial bacteremia caused by KP were enrolled in this study to investigate the risk factors of IKLAS. Only the KP isolates from the patients' first blood collection were used in this study. Peripheral blood samples were collected for the whole-blood flow cytometry-based assay as described later from eight healthy male volunteers aged between 25 and 40 years and 80 of the participants after KP bacteremia was confirmed randomly. All protocols used in the present study have been approved by the institutional review board of KCGMH (201601500B0). The patients were made anonymous to maintain confidentiality of the data. All participants including eight healthy male volunteers provided their written informed consent to participate in the study.
The diagnosis of IKLAS was made in patients with liver abscess who developed contemporaneous metastatic KP infections at other body sites such as renal abscess, splenic abscess, meningitis, empyema, mycotic aneurysm, necrotizing fasciitis, or endophthalmitis. 10 To investigate the predisposing factors of IKLAS, the following clinical variables were assessed: age, sex, comorbidities (including cardiovascular diseases, liver cirrhosis, malignancy, chronic renal failure, alcoholism, and biliary tract disease), and a history of receiving high-dose steroids (>20 mg of prednisolone daily for >3 weeks) or aspirin in the previous month prior to the collection of their first KP-positive blood culture. To assess the glycemic control in these DM patients, the HbA 1c was determined. The impact of glycemic control on various outcomes of interest was evaluated by grouping all patients into three categories on the basis of HbA 1c levels: HbA 1c ≤7% (good glycemic control), HbA 1c 7%-9% (suboptimal glycemic control), and HbA 1c ≥9% (poor glycemic control).
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Bacterial isolates and serotype determination
All KP isolates were identified using standard methods. Capsular genotyping of seven clinically significant capsular types (K 1 , K 2 , K 5 , K 20 , K 54 , K 57 , and K N1 ) was performed with the use of PCR assay. Briefly, PCR was performed using primers designed for the cps variable region. Genomic DNA was extracted by boiling selected colonies in distilled water for 10 minutes. The PCR conditions were 96°C for 3 minutes, followed by 30 temperature cycles of 96°C for 30 seconds, 53°C for 15 seconds, and 72°C for 30 seconds. 12 
characteristics of clinical imaging
All patients with IKLAS underwent contrast-enhanced CT of the abdomen. In some patients, CT studies were performed during follow-up to monitor complications. We only reviewed the first imaging studies. The following features were recorded: 1) number of abscesses (single or multiple); 2) unilocular or multilocular (presence of >1 mm thick septations); 3) solid or cystic appearance in most of the sections showing the cavity with abscess; 4) gas within the cavity with abscess; 5) thrombophlebitis (hypodense filling defects in the contrast-enhanced hepatic veins, their tributaries, and/ or the inferior vena cava); 6) septic pulmonary embolism 
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Platelet reactivity in KP bacteremia (focal or multifocal lung infiltrates); and 7) presence of pleural effusion.
Platelet reactivity
Platelet reactivity reflected by P-selectin expression as markers of platelet degranulation was determined by flow cytometry. 13 Platelet reactivity was measured in unstimulated samples and after ex vivo platelet stimulation by ADP (low dose: 7.8 µM and high dose: 31.2 µM; Sigma-Aldrich, St Louis, MO, USA). Whole blood was added to a mixture of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid-buffered saline and saturated concentrations of PE-labeled anti-CD62P (P-selectin; BioLegend, San Diego, CA, USA) and PC7-labeled anti-CD61 (platelet identification marker; Beckman Coulter, Villepinte, France). After 20 minutes of incubation at room temperature, 0.2% paraformaldehyde was added and samples were analyzed. Platelets were gated based on their forward-and sideward-scatter properties and positivity for CD61, which was defined as a median fluorescence intensity (MFI) exceeding that of its matched isotype control.
PMas
The formation of PMA, which is considered as a sensitive marker for platelet activation, was determined by incubating citrated whole blood with PC7-labeled anti-CD61 and PElabeled anti-CD14 (a glycosylphosphatidylinositol-linked membrane glycoprotein; BioLegend) as a monocyte identification marker.
14 The platelet-monocyte complex formation was quantified based on the MFI of CD61 on CD14-positive cells.
Platelet-poor plasma was harvested from citrate anticoagulated whole blood by centrifugation (1,500× g without brake, 15 minutes, 20°C). The plasma concentrations of PF-4 (R&D systems, Abbington, UK) were measured using ELISA. 15 
statistical analyses
The categorical variables of patients' characteristics were compared using the chi-squared test or Fisher's exact test, as appropriate, while the continuous variables were expressed as mean values±SDs and compared using the Mann-Whitney U test or Student's t-test. A multivariate logistic regression model was used to evaluate the predisposing factors of IKLAS by calculating the OR and 95% CI of each clinical variable. Hosmer-Lemeshow goodness-of-fit tests were performed to evaluate the predictive performance of the logistic regression model. Differences in CT features across the groups were compared using ANOVA with posttests or chi-squared test. Data on platelet reactivity, PMA, and plasma markers levels were expressed as medians with IQR. The experimental data between multiple groups were compared using nonparametric Kruskal-Wallis test with Dunn's post test. All statistical computations were performed using SPSS Statistics version 17.0 (SPSS Inc., Chicago, IL, USA). A two-sided P-value of <0.05 was considered as statistically significant in all analyses.
Results
Risk factors for invasive KP liver abscess syndrome
Of the 175 DM patients with community-acquired mono-KP bacteremia during the study period, 41 (23.4%) had IKLAS. Based on the results of the serotype determination by PCR assay, the K1/K2 serotype was identified in 22 (12.6%, including 20 K1 and two K2) isolates. As presented in Table 1 abscesses were predominantly solid in eight (19.5%) patients and cystic in 33 (80.5%) patients. Unilobar involvement was seen in 13 (31.7%) patients, and multilocular abscess was present in 28 (68.3%) patients. Gas in the abscess cavity was present in 17 (41.5%) patients, and hepatic venous thrombophlebitis was present in 15 (36.6%) patients. There were 11 (26.8%) patients with septic pulmonary emboli and 27 (65.9%) patients with pleural effusion. In a subgroup analysis, hepatic venous thrombophlebitis was more likely to be found in DM patients with IKLAS who had poor glycemic control than in those with suboptimal or good glycemic control (P=0.03; Table 2 ). 
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Platelet reactivity in KP bacteremia analysis of platelet reactivity to KP infection
We further studied the platelet reactivity, PMAs, and soluble platelet proteins, which are sensitive markers for platelet activation, in this cohort of DM patients with communityacquired KP bacteremia. The randomly selected patient characteristics in both groups (40 patients in the IKLAS group and another 40 patients in the non-IKLAS group) were similar, including the intervals between the homeostatic testing and blood cultures performed (42±18 vs 36±20 hours, P=0.45) or antibiotic treatment initiation (24±8 vs 22±12 hours, P=0.64). The C-reactive protein levels measured when the homeostasis assays were performed were comparable between the patients in the IKLAS group and those in the non-IKLAS group (124±86 vs 102±74 mg/L; P=0.55). A group of eight healthy volunteers were enrolled as controls. However, the mean age of the controls was lower than that of the patients in the IKLAS and non-IKLAS groups.
The IKLAS group had a significantly higher MFI of PMA than the non-IKLAS group and controls ( Figure 1 
Discussion
The inflammatory response during sepsis involves both platelet and endothelial cell activation. Bacteria can either support platelet adhesion or induce platelet aggregation. 16 P-selectin is a glycoprotein stored in Weibel-Palade bodies of endothelial cells or α-granules of platelets. Upon stimulation, the expression of P-selectin increases. The surface P-selectin can be downregulated by internalization and degradation or by shedding soluble P-selectin in plasma. The activation of platelets leads to the formation of plateletleukocyte aggregates, which is both platelet and endothelial cell P-selectin dependent. 17 de Stoppelaar et al 18 reported that P-selectin-deficient mice infected with KP via the airways to induce sepsis displayed 10-1,000-fold higher bacterial burdens in the lungs, blood, and distant organs, and P-selectin deficiency was associated with decreased platelet-monocyte complexes and increased cytokine release, which suggests that P-selectin is involved in the host defense against sepsis caused by KP, with protective roles for both platelet and endothelial cell P-selectins. 18 In this current study, we found that DM patients in the IKLAS group had a significantly higher PMA and platelet P-selectin expression and higher plasma PF-4 concentration than those in the non-IKLAS group and controls. The IKLAS group had a higher platelet reactivity 
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Platelet reactivity in KP bacteremia than the non-IKLAS group. These differences were observed despite comparable plasma C-reactive protein concentrations, suggesting that inflammation is not a major driving force in KP-induced platelet activation.
Regional venous thrombophlebitis is a complication of various local infectious diseases that can spread throughout the body. In sepsis, microthrombi form in the blood capillaries. 19 Hepatic venous thrombophlebitis frequently occurs in patients with liver abscesses and appears as non-enhancing linear structures or gas without expanding the lumen on contrast-enhanced CT. 20 The hepatic venous thrombophlebitis may facilitate the seeding of microorganisms into the blood circulation, which might result in hematogenous metastatic infection in patients with liver abscess caused by KP. 21 Evidence suggests that DM patients have a higher platelet reactivity and baseline activation than healthy controls. 22 Furthermore, a close relationship between poor glycemic control and increased platelet activity in these DM patients was noted. 23 We found that DM patients with a poor glycemic control have higher rates of developing hepatic venous thrombophlebitis and invasive syndrome (Tables 1 and 2 ). In agreement with the previous report, 24 hepatic venous thrombosis is considered as an important sign of metastatic infection in DM patients. Wang et al 24 reported that hepatic venous thrombophlebitis was associated with 72.7% of metastatic infections. They also revealed that poorly controlled diabetes was associated with liver abscess caused by KP. 24 In this study, we postulated that the KP might activate the platelet activity especially in DM patients with poor glycemic control and form a septic thrombosis, which can lead to seeding of microorganisms with metastatic infection.
With regard to aspirin therapy on platelet reactivity, lower soluble P-selectin levels were found in patients with stable coronary disease after a percutaneous coronary intervention under aspirin therapy. 25 In addition, 1 week of low-dose aspirin therapy could attenuate platelet activation in HIV-infected adults. 26 Furthermore, a well-conducted, retrospective study from the Mayo Clinic has shown significantly reduced rates of embolism in patients with infective endocarditis who had been taking aspirin prior to the diagnosis. 27 These findings were also supported by a prospective investigation showing a significant reduction in the frequency of S. aureus bacteremia in patients with indwelling hemodialysis catheters who had been taking long-term aspirin. 28 The capsular polysaccharide surrounding the KP bacteria enables the bacteria to evade phagocytosis. We found that the reduction in capsular polysaccharide by salicylates, the major metabolite of aspirin, may therefore attenuate the pathogenicity of KP stains. 29 In this study, several patients used aspirin that inhibits platelet activation via the COX-1 pathway, 30 leading to decreased platelet reactivity, which may contribute to lower the patients' risk for developing IKLAS.
Our study had several limitations. Peripheral blood samples were collected randomly from 80 participants after KP bacteremia. Differences among these selected participants in this approach to blood test may have resulted in ascertainment bias. The case number of the patients in each group remained small, and the hemostatic assays were only performed once in patients with positive blood cultures. KP isolated from patients in the non-IKLAS group was likely to be rapidly killed by antibiotics, despite the similar time intervals between hemostatic testing and performance of blood cultures or antibiotic treatment initiation among patients in the IKLAS and non-IKLAS groups. Still, increased platelet activation was observed among patients in the IKLAS group related to persistent bacteremia could not to be excluded in this current study. Finally, any potential contribution of other medications except aspirin taken by the patients might influence the platelet activity in the IKLAS group cannot be excluded in this study.
Conclusion
KP bacteremia complicated with IKLAS is associated with marked platelet activation, which may contribute to the occurrence of vascular complications seen in these infections. Given the role of platelets in immunity and host defense, further studies are needed to investigate the potential role of platelet inhibition in preventing the development of IKLAS in diabetic patients with KP bacteremia.
